INTRODUCTION {#sec1-1}
============

Obesity and overweight are considered to be the fifth leading risk factor for deaths worldwide, and at least 2.8 million adults die each year as a result of chronic conditions associated with excess body weight in both more and less developed countries.\[[@ref1]\] Morbid obesity is associated with a number of co-morbidities that considerably affect the patient\'s health. This includes diabetes, dyslipidaemia, obstructive sleep apnoea, hypertension and joint pain of knee and back,\[[@ref2]\] but the combination of obesity with diabetes has been increased with alarming rate in recent years and became a common problem globally including developing and developed countries with incalculable social costs.\[[@ref3]\] According to the World Health Organization (WHO), individuals with body mass index (BMI) above 30 kg/m^2^ are obese and those above 40 kg/m^2^ are considered morbidly obese.\[[@ref2]\] The WHO estimates that currently more than 1 billion people are overweight and amongst them 300 million are obese.\[[@ref3]\]

Obesity is one of the leading\[[@ref4]\] and greatest modifiable\[[@ref5]\] risk factors for the development of osteoarthritis (OA). It is a progressive degenerative disorder that leads to joint damage, chronic pain, muscle atrophy, decreased mobility, poor balance and eventually physical disability.\[[@ref6]\] Arthritis is becoming pandemic globally and its presence with obesity and diabetes is being observed more commonly than ever.\[[@ref3]\] Prevalence of OA in India is reported to be in the range of 17%--60.6%.\[[@ref7]\] Individuals with clinically defined obese (BMI \>30 kg/m^2^) are four times more likely to have knee OA than those with normal BMI (\<25 kg/m^2^).\[[@ref4]\] According to King *et al*.\'s study, a five-unit increase in BMI was associated with 35% increase risk of knee OA.\[[@ref5]\] Holliday *et al*. found that those who became overweight early in adulthood showed higher risk of lower limb OA.\[[@ref8]\]

A study found that patients with OA who lose weight may see improvement in their OA symptoms.\[[@ref5]\] An observational evidence from the Framingham OA study shows that a reduction in weight of around 5 kg decreases the risk of developing knee OA by more than 50% in women with a baseline BMI \>25.\[[@ref9]\] Messier *et al*. used various combinations of diet and exercises weight reduction process in their study and found that both when used together produced significant improvements.\[[@ref6]\] The conventional conservative treatments available such as diet, exercise and medication are found ineffective in maintaining uniform weight loss.

With increased prevalence of obesity, a need for joint replacement surgery found to be escalated.\[[@ref5]\] It is a surgical procedure where the diseased knee joint surfaces are replaced with metal or plastic components to relieve pain and restore knee function. Total knee replacement (TKR) is a highly prevalent and expensive surgical procedure. Although TKR helps in reducing pain in most patients, it does not resolve many of functional limitations associated with chronic knee arthritis that existed before the surgery.\[[@ref10]\] A study found that patients with BMI \>35 kg/m^2^ had persistent pain even after TKR.\[[@ref11]\] A Canadian prospective observational study in 520 patients who have undergone total knee and hip replacement for evaluating obesity effects found obesity a risk factor for slow recovery over 3 years.\[[@ref12]\]

Bariatric surgery came as a boon for the obese persons as it helps in the gradual loss of excess body weight of about 60%--70%.\[[@ref13]\] It promotes weight loss by changing the digestive system\'s anatomy, limiting the amount of food. It is a tool towards healthier life and not simply a means of weight loss. Other than remission of hypertension and type 2 diabetes (50% and 38%) in a systematic review and meta-analysis post-bariatric patients,\[[@ref14]\] bariatric surgery simultaneously has also worked solely in reducing symptoms of knee pain in OA patients in a study by Edwards *et al*.\[[@ref4]\]

Furthermore, according to American College of Rheumatology, an average weight loss of 5% over a period of 18 months in overweight and obese adults with knee OA results in an 18% improvement in function but when dietary changes were combined with exercises, function improved by 24% along with significant improvement in the symptoms associated with knee OA.\[[@ref15]\]

Thus, we hypothesised that weight loss through bariatric surgery when combined with dietary and exercise changes would give highly significant results in terms of both weight reduction and knee pain in overweight and morbidly obese OA patients making a way to delay the need for knee replacement.

METHODOLOGY {#sec1-2}
===========

A total of thirty out of forty morbidly obese (BMI \>40 kg/m^2^) patients with OA (Kellgren-Lawrence (KL) Grade IV) gave consent for bariatric surgery. Despite wearisome lifestyle modifications for weight loss and knee pain, satisfactory results were not retrieved in all the thirty patients. Consent from all the patients predetermined for knee replacement in future because of pain and disability as recommended by knee replacement surgeon were taken. The dietary and exercise protocol was standardised for all patients opting for bariatric. Inclusion criteria include age group 25--75 years, BMI ≥30 kg/m^2^ and unilateral/bilateral knee OA (KL Grade IV). Patients who already took corticosteroid injection on nonsteroidal anti-inflammatory drugs (NSAIDs), viscosupplementation, who suffered fracture recently of lower limb and cognitive impairment were excluded from the study. Western Ontario and McMaster Universities Arthritis Index (WOMAC), a standardised self-administered questionnaire, was used to evaluate both development and progression of OA. It comprises 24 questions (5 - pain, 2 - stiffness and 17 - physical functioning). WOMAC score was taken at baseline, 3 months and after 6 months of follow-up. The types of bariatric surgery performed were laparoscopic sleeve gastrectomy (LSG-12), mini gastric bypass (MGB-12) and Roux-en-Y gastric bypass (RYGB-6). Demographic data such as age, height, weight and BMI were noted as baseline. Post-surgery diet protocol as per registered dietician was given. A fixed 5-exercise protocol for knee OA with Mulligan mobilisation was formed by bariatric physiotherapist (LR) that also included fixed ambulation in whole day both pre and postoperatively with proper knee cap and sports shoes mandatory.

Statistical analysis {#sec2-1}
--------------------

MedCalc (Demo Version) Software (Belgium) was used for the analysis. A two-tailed (α = 2) probability *P* \< 0.05 was considered statistically significant; *P* ≤ 0.05 as highly significant and *P* \> 0.05 had no significance. Wilcoxon signed-rank test was used to find the change in weight, BMI and WOMAC score. Spearman\'s rank correlation analysis was used to compare percentage change in WOMAC parameters (pain, stiffness and activities of daily livings \[ADLs\]) with respect to percentage change in BMI. Type of surgeries was also compared to find which type of surgery was most effective.

RESULTS {#sec1-3}
=======

Out of forty patients, the study was completed with thirty (20 females and 10 males) patients who met our inclusion criteria. Demographic data include mean age of patients was 50 years, average pre-operative weight was 117.52 kg and BMI 47.01 kg/m^2^ \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic data

![](JMAS-14-13-g001)

As a result of bariatric surgery, there is as significant reduction in weight and BMI after 3 and 6 months postoperatively (*P* \< 0.0001) \[[Table 2](#T2){ref-type="table"}\]. There was also a significant reduction in pain, stiffness and ADL after 3 and 6 months postoperatively \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparing average body mass index, pain, stiffness and activities of daily livings (Western Ontario and McMaster Universities Osteoarthritis Index) at baseline, 3 months and 6 months post-bariatric surgery

![](JMAS-14-13-g002)

Significant correlation of percentage change in BMI with percentage change of pain (*r* = 0.479, *P* = 0.007) and ADL (*r* = 0.414, *P* = 0.023) was observed. However, no correlation was seen with percentage stiffness change (*r* = −0.175, *P* = 0.356) \[[Table 3](#T3){ref-type="table"}\].

###### 

Correlation of percentage body mass index change with percentage change in pain, stiffness, activities of daily living (Western Ontario and McMaster Universities Osteoarthritis Index) after 6 months post-bariatric surgery

![](JMAS-14-13-g003)

On comparing the types of surgery with respect to 6^th^-month weight loss, change in BMI and WOMAC score parameters, all the surgeries (LSG, MGB and LGB) gave insignificant results showing that all the surgeries are equally capable of reducing weight and improving BMI \[[Table 4](#T4){ref-type="table"}\].

###### 

Correlation of type of surgeries with percentage change in weight reduction, body mass index and Western Ontario and McMaster Universities Osteoarthritis Index score after 6 months of post-bariatric surgery

![](JMAS-14-13-g004)

None of the patients required total knee transplant during the study period as there was a significant reduction in pain and improvement in daily activity in all patients.

DISCUSSION {#sec1-4}
==========

Bariatric surgery does seem to improve symptoms of OA. This was felt true in our study for weight-bearing knee joint. Weight reduction was significant, and its impact on knee pain and function was also found to be improved.

Obesity-related OA is multifaceted, can be due to mechanical factor which includes increased joint forces which gradually leads to decreased joint space, muscle strength and altered biomechanics.\[[@ref16][@ref17]\] Ageing and metabolic factor are thought to be another factor, in which adipokine levels produce biomechanical environment where chondrocytes do not respond to challenges,\[[@ref18][@ref19]\] and ageing produces lipid and humoral mediators which initiate and progresses the disease process.\[[@ref20]\]

The main risk factors for the development of OA are mainly advancing age and weight gain. Many studies have found moderate-to-strong correlation between knee OA and obesity. A meta-analysis of 36 papers found a strong correlation between knee OA and obesity.\[[@ref21]\] Another review with 22 years of follow-up by Toivanen *et al*. found a strong correlation where patients with BMI \>30 kg/m^2^ found to have a 7-fold increase risk of developing knee OA confirming that obesity along with other factors is a major risk for the development of OA.\[[@ref22]\]

With changing trends for knee pain where conservative methods are only limited to non-obese, surgical management of knee pain in obese osteoarthritis patients i.e., knee replacement outcome was also questionable due to intra- and post-operative reasons such as higher incidence of wound dehiscence, superficial infections, thromboembolic events,\[[@ref4][@ref20]\] higher intraoperative blood loss leading to longer operative time, early failure, high revision rates and malposition of implants.\[[@ref2][@ref23]\]

Outcome of bariatric surgery before orthopaedic surgery showed a direct result in effective weight loss, which has shown interest by orthopaedic surgeon in managing obesity before performing knee replacement surgery. A study by Parvizi *et al*. on total joint replacement in twenty patients surgically treated for morbid obesity showed excellent outcome after TKR, with no prosthesis loosening and revision required.\[[@ref24]\] The mean reduction in BMI was 29 kg/m^2^ from 49 kg/m^2^.\[[@ref24]\]

Systemic review on benefits of bariatric surgery in obese patients with hip and knee OA by Gill *et al*.,\[[@ref25]\] where a total of six studies were included for qualitative analysis found a general trend were improved hip and knee OA following marked weight loss secondary to bariatric surgery was seen. Another study by Abu Abeid *et al*. on 64 patients, of which 59 completed the follow-up found that surgically induced weight loss, is an effective, rapid and dependable means of reversing the radiological signs of early changes associated with OA.\[[@ref26]\] TKR and bariatric surgery both have positive effects on knee in reducing knee pain;\[[@ref2][@ref4]\] however, bariatric surgery has additional advantage on overall body by managing diabetes, hypertension,\[[@ref14]\] dyslipidaemia, cardiovascular disease, etc.\[[@ref27]\]

The present study showed a significant positive correlation of percentage loss of BMI with percentage change in pain and activities of daily living. A supportive study by Pascal on 140 patients after bariatric surgery found that with massive weight loss, pain and inflammation was reduced and there was an increase in knee function.\[[@ref28]\] Another supportive study showing the effect of weight reduction on eighty knee OA patients found that with 10% weight reduction, function was increased by 28%.\[[@ref29][@ref30]\] Six months of follow-up showed patient satisfaction in pain relief and improved ADLs, thus delaying the need for TKR. The structural damage and severity of symptoms caused by Grade IV OA could not reverse the stiffness symptoms significantly numerically within 6 months though the patients' feedback showed a reduction in stiffness while walking. Maybe future research and follow-up study is needed to find the long-term change of weight reduction on stiffness and need for TKR.

Obese patients with OA, who lose weight showed improvement, due to decrease load on the knee joint and may be due to decrease in inflammatory markers.\[[@ref31]\] With weight reduction, there is relative loss of muscle mass and strength over time due to protein deficiency which may contribute lately for recurrence of OA symptoms.\[[@ref30]\]

Enhanced dietary intake of protein in combination with specific knee exercise protocols accelerated their activity level, improved physical fitness including muscle strength in the muscles around knee joint making the effects of bariatric surgery long lasting, preventing demineralisation and delay knee replacement procedure. As their maintenance, we encouraged our patients to continue knee exercises further with some modifications to overcome degenerative changes due to ageing in future.

The weight reduction pattern observed was highly significant for 6 months follow-up, irrespective of the type of bariatric surgery performed. Thus, all the three bariatric surgery procedures performed LSG, MGB and LGB were equally effective. Similar to our study, Dicker *et al*. show that all the surgeries are equally effective in reducing the BMI over a long term.\[[@ref32]\]

CONCLUSION {#sec1-5}
==========

Thus, we conclude that for all obese patients with OA, weight loss may be considered as the first line of management and hence bariatric surgery with dietary and exercise changes is an important tool for both prevention and management of obesity with OA.

Financial support and sponsorship {#sec2-2}
---------------------------------

Nil.

Conflicts of interest {#sec2-3}
---------------------

There are no conflicts of interest.
